showing very greatly reduced activity.
The possible causes for valve dysfunction have been reviewed, and the findings in this study suggest that contraction of fibrous tissue, which sandwiches the fascia lata valve cusps, may contribute to failure of satisfactory valve function. It is concluded that fascia lata forms a poor substitute for replacement of diseased cardiac valves.
In the search for an ideal substitute to replace diseased human valves, fascia lata has been employed. Reports using such tissue, either mounted on a frame or unmounted, in the aortic position, with satisfactory long-term function, have appeared in the literature (Senning, 1967; Ionescu et al., 1972) .
Frame-mounted fascia lata substitute valves (Ionescu and Ross, 1969) have also been used in the mitral and tricuspid positions, in which shortterm follow-up has shown promising results. It soon became evident, however, that in the tricuspid area fascia lata valves were unsatisfactory (Edwards, 1972; Ross, Gonzalez-Lavin, and Dalichau, 1972) . Longer periods of follow-up of patients showed an increasing number of failures of valve function in the mitral position also, using either supported or unsupported fascia lata valves (Cooper, 1972; Edwards, 1972; Rabago, 1972; Ross et al., 1972) . Even in the aortic position, evidence is now accumulating that failure of satisfactory valve function does eventually take place in a considerable number of patients (Senning and Rothlin, 1973 Viability studies were carried out on two valves. This was assessed quantitatively using auto radiography and the utilization of methyltritiated thymidine (Al-Janabi et al., 1972) . After placing strips of fascia lata in nutrient medium (199+10% calf serum), 5% methyl-tritiated thymidine was added. Tissue was incubated for 48 hours at 37°C. Thin sections were cut and layered with a film of Ilford K2 nuclear emulsion (Kopriwa and Leblond, 1962) . After drying and an interval of seven days at 4°C in light-proof boxes, viability was assessed by light microscopy.
After the removal of the material necessary for viability studies, the remaining tissue was placed in 15% formol saline. Subsequently, representative areas from each of the leaflets were chosen, blocked, and paraffin embedded, and 5 micron thick sections were stained with haematoxylin and eosin, Weigert's elastic van Gieson stain, and Alcian blue, where necessary. The results of the histological appearances were assessed subjectively.
RESULTS
The clinical details have been summarized in Table I . The interval from the time of operation to clinically diagnosed dysfunction varied from immediately following operation to 41 months. The 16 valves had remained in patients before re-operation was undertaken for periods varying between 10 months and 44 months.
MACROSCOPIC APPEARANCE Uniform appearances of the fascia lata valves were found. None of the valve leaflets was normal. In those removed from the mitral area, the leaflet nearest to the position of the normal anterior mitral valve leaflet (that is, close to the left ventricular outflow tract and aortic valve) was only minimally affected in two patients and moderately severely affected in the remainder. The remaining two leaflets were consistently more severely thickened and retracted (Fig. 1) . Detachment from the supporting frame In the valves removed from the aortic position, the three leaflets were uniformly affected. Thickening and retraction was usual. The valve removed from the pulmonary position showed similar changes to those removed from the aortic site.
HISTOLOGICAL APPEARANCES These have been summarized in Table II . Mitral position 1. The anterior ('aortic') valve leaflet in patient I (Table II) , having survived in the patient for 21 months, showed minimal increase of thickness only and a normal number of nuclei belonging to the fibroblastic series. The nuclei were, however, not fusiform nor vesicular but tended to be round and pyknotic (Fig. 2) . The collagen tissue was normally arranged in regular, wavy bands; recent fibrin was superimposed. The anterior leaflets of patients 2, 3, and 4 (having survived for periods varying from 33 to 44 months) showed mild or considerably more thickening (Table II) . Areas of degeneration of collagen tissue were present, consisting of an eosinophilic change, loss of fibrillary character, and irregular arrangement of the degenerated fibres (Fig. 3) . In these areas there was a patchy absence of nuclei, confined to the inner layers of the leaflet in one, and more widespread in the other two anterior valve leaflets.
2. The other two leaflets of patients 1, 2, 3, and 4, in the mitral position, showed increasing thickness as well as degeneration of collagen tissue, and virtual absence of nuclei in the valves having survived for 43 and 44 months respectively. Fibrous tissue was superimposed, which was minimal in two and mild in the remaining two cases (Fig. 4) (Table II) ).
DISCUSSION
The use of cardiac valves fashioned from fascia lata approached the ideal situation for a substitute valve. The criteria for such an ideal substitute were summarized by Ross (1970) as follows: 'Non-obstructive central flow orifice, freedom from embolism, biological tissue, living tissue, autogenous material, and availability in a variety of sizes.' Follow-up of many patients has shown, however, that changes do take place in the fascial tissue requiring eventual re-operation, so that the initial high hopes for using fascia lata have not been realized.
The macroscopic appearances of these valves show thickening and retraction of the valve leaflets, but often the least involved is the 'anterior' leaflet of the fascia lata valve in the mitral position (that is, the leaflet immediately adjacent to the left ventricular outflow tract and aortic valve). Similar appearances have been reported by Rabago (1972) and McEnany, Ross, and Yates (1972) . The remaining two leaflets in the mitral position show more severe changes. In the fascia lata valves removed from the aortic position, equal involvement of all leaflets was found; this also applied to the valve removed from the pulmonary site.
Histologically, with the exception of the leaflets in the 'anterior mitral position' which showed the best preservation of the original fascial tissue, increasing degeneration and absence of nuclei tended to depend on the length of time the substitute valve had survived in the patient. If patchy, these degenerative changes were usually seen in the inner layers of the removed valve tissue (the original fascia lata); the outer surfaces showed varying degrees of fibrous tissue superimposition with a normal component of nuclei belonging to the fibroblastic series, often most prominent at the base of the leaflet. Not infrequently, superimposition of fresh fibrin was also evident. This sandwich effect could easily be identified and tended to be more prominent the longer the valve had survived in the patient. Bernhard et al. (1973) followed the morphological changes in fascia lata mitral valves up to 10 months following transplantation, and they observed preservation of collagen tissue but disappearance of the fibrocytes after six months' survival in patients. Our earliest removed valve in this series had survived for 10 months and showed severe decrease of the inner third of nuclei, considerable superimposition of fibrin, and little fibrous tissue. Senning and Rothlin (1973) observed fibrin in the first few postoperative days. It is well known that fibrin becomes organized into fibrous tissue and, as this tissue contracts, the thickening contributes to the distortion observed in many of the surgically removed valve leaflets. Other possible mechanisms of failure of satisfactory valve function include irregular mechanical stimulation of the threeleaflet fascia lata valve in the mitral position and inherent deficiency in fascial strength (McEnany et al., 1972) , making such a valve unsuitable for implantation in the mitral position. Talavlikar, Walbaum, and Kitchin (1973) have found that valve failure is less common when the design is modified to provide loose cusp structures. These workers suggest that accelerated haemodynamic stress rather than inevitable degeneration appears to be the more likely explanation of valve failure. Even slightly irregular suturing, or placing sutures too tightly on the frame-mounted valve leaflets, would accelerate valve failure. Repetitive trauma and failure to consider shrinkage of fascia lata, estimated to be in the region of 30%, has been suggested as a cause of valve dysfunction by Bailey et al. (1973) . These authors consider fascia lata to be the best available autologous tissue. In their experience, macroscopical and microscopical appearances were unchanged for periods of five or more years. These findings differ from those presented in this study; they also differ from the observations made by other workers who have studied the removed valves pathologically.
Our viability studies in two cases have shown patchy survival of tissue for 21 months and 43 months respectively. Although the number studied is small, it does indicate that some tissue does survive for a considerable period of time.
Comparison of prosthetic valves and homografts with fascia lata valve substitutes has shown an overall poorer result with the latter (Edwards, 1972) . Fascia lata valves in the aortic position had the best functional record, 'but there is evidence now accumulating from long-term follow-up that valve failure, as well as infective endocarditis, may occur in the aortic position (Senning and Rothlin, 1973) . Our results confirm these findings.
There is evidence to suggest that, apart from other possible causes of valve failure, the superimposed fibrin, when it becomes organized into fibrous tissue and subsequently contracts, contributes to valve dysfunction. The evidence also suggests that long-term survival of autogenous fascia lata is poor and that it is an unsatisfactory substitute for the replacement of diseased cardiac valves.
